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Abstract. We investigate in detail one− loop contribution of new particles to the muon anomalous magnetic moment
(g− 2)µ in the framework of the economical 3-3-1 model. The main contributions to the anomalous magnetic mo-
ment come from new neutral gauge boson Z′, bilepton singly charged vector boson Y±. The contributions of new
neutral/charged scalars are small and can be neglected. The result is extended to other versions of 3-3-1 models. Com-
paring the anomalous magnetic moment value in this model with experimental value we set the extension requirement
for the model.
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I. INTRODUCTION
At present, the anomalous magnetic moment of the muon (AMMM) gains special interest
due to a hint of new physics. With the discrepancy aexpµ −aSMµ = (288±80)×10−11 or 3.6 σ level
[1], the muon anomalous magnetic moment is currently one of the most compelling inconsistencies
between data and the Standard Model (SM) predictions in all of particle physics. Facing with this
deviation, one could consider the difference coming from sources such as theoretical uncertainty
or contribution of new physics. Efforts in both the experimental and theoretical fronts are taking
to improve the precision of both the measured value and the SM prediction.
Since the SU(3)C is conserved and the SU(2)L is usually extended in models beyond the
Standard Model, one can divide the contribution to ∆aµ into two parts: hadronic and non hadronic
parts. The non-hadronic part includes the electromagnetic (QED) corrections and electroweak
(EW) corrections. The QED part includes all γ and leptonic (e,µ,τ) loops, and the EW involves
W±,Z and Higgs. The hadronic contributions come from SU(3)C. The hadronic corrections give
main theoretical uncertainties. However, the improvement in lattice QCD and hadronic data [2]
will reduce those uncertainties. If one uses τ data in the hadronic contributions [1] then this 3.6σ
deviation is reduced to 2.4σ .
This discrepancy from the expectations of the SM has an inspiration for many models
of new physics, and has been used to constrain or motivate parameter values for many oth-
ers, especially supersymmetric models [3]. Among new physics models, there is a class of
c©2015 Vietnam Academy of Science and Technology
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SU(2)L→ SU(3)L extension models of the SM have been studied in literature [4, 5]. Particularly,
the aµ anomaly has also been investigated in the context of 3-3-1 models [6, 7]. In this paper we
will focus on the 3-3-1 model with two Higgs triplets or the economical 3-3-1 model (E331) [5].
In addition to having fewer matter fields, this model also features neutral/charged bilepton vector
bosons and neutral/charged scalar bosons. The scalar sector is minimal with two Higgs triplets.
These features lead to new interesting phenomenology. In this work, we aim to investigate the aµ
anomaly in the framework of the E331 model. We will analyze all one-loop contributions coming
from new particles in the E331 model and draw our conclusions based on the total contribution.
The paper is organized as follows: in Sec. II we briefly introduce the model. Sec. III
discusses the aµ discrepancy from the SM, and in Sec. IV we present the aµ predictions of the
E331 model. Lastly, in Sec. V we draw our conclusions.
II. THE MODEL
The economical 3-3-1 model or the E331 model has been studied in detail in [5]. In this
paper we will briefly go to features of the model for the purpose of this work. The particle content
in this model which is anomaly free, is given as follows:







, eiR ∼ (1,−1), i= 1,2,3,
































The values in the parentheses denote quantum numbers based on the (SU(3)L,U(1)X) symmetry.
Electric charges of the exotic quarks U and Dα are the same as those of the usual quarks,
i.e., qU = 23 and qDα =−13 .
The SU(3)L⊗U(1)X gauge group is broken spontaneously via two steps. In the first step,











acquired with VEV given by
〈χ〉= 1√
2
(u 0 ω)T . (1)
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is needed with the VEV as follows
〈φ〉= 1√
2
(0 v 0)T . (2)
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where the part involving our calculation in this work is
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The VEV ω gives mass for the exotic quarks U and Dα , u gives mass for u1,dα quarks, while
v gives mass for uα ,d1 and all ordinary leptons. To provide mass for all ordinary quarks, both
one-loop corrections and effective interaction are needed [8]. We would like to emphasize that the
first step of symmetry breaking is done by VEV ω , the second step is due to u and v. Therefore,
the VEVs in this model have to be satisfied the constraints
u,v ω. (5)
II.1. Lepton masses
The charged leptons gain masses via the following Yukawa term
L eY = h
e
i jψ iLφe jR+h.c..
Because the lepton flavour violating effects relating with charged leptons are very suppressed, we






with i= e, µ, τ .
Masses of neutrinos are discussed in detail in [9]. They are very small so throughout our
calculation, they are ignored.
II.2. Higgs and gauge bosons
In this model, the most general Higgs potential has very simple form
V (χ,φ) = µ21χ
†χ+µ22φ
†φ +λ1(χ†χ)2+λ2(φ †φ)2
+λ3(χ†χ)(φ †φ)+λ4(χ†φ)(φ †χ). (6)



















After symmetry breaking, all pseudo scalar degrees are Goldstone bosons eaten by gauge bosons.
In the mass basis all real scalar Higgses (H0, H01 , G4)
T relate to the original (S1,S2,S3) by a
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transformation [10]  S1S2
S3
=
 −sζ sθ sζ sθ cθcζ sζ 0









cζ = cosζ ,sζ = sinζ , tθ = tanθ = uw , cθ = cosθ and sθ = sinθ . In our calculation of AMMM
we will assume that the couplings λ1,λ2,λ3 are the same order therefore tan2ζ is of order mWmX and
sinζ ' mW2mX .










' 2λ2w2. Hence, the H0 is normally
identified with the SM Higgs.
In the charged Higgs sector, there is only one physical charged Higgs, namely H+2 with












In the limit u,v w, the Higgs physical states are given in [5] as
Ho ' S2, Ho1 ' S3, H+2 ' φ+3 .
Lagrangian containing Higgs-lepton-lepton couplings is



















We can ignore the first term in (10)with hν being proportional to neutrino masses which are very
suppressed [9]. Note that hlµ =
√
2mµ
v . Couplings of Higgses and µ are represented in Table 1.
Table 1. Higgs-lepton-lepton vertices




























We can quickly estimate that the couplings of both neutral and charged scalars in the E331
model are of order 10−3. Hence we expect the contribution of neutral and charged Higgs is small.
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The gauge bosons gain their masses due to this symmetry breaking. The gauge boson mass





















where sw = sinθw and cw = cosθw. Z and Z′ correspond to Z1 and Z2 in Ref. [5]. Because




























where all parts used in this work are









µeiL− sθν iLγµeiL = 12 [cθν
c
i γ
µ(1− γ5)ei− sθν iγµ(1− γ5)ei] . (14)
The X0 boson does not couple with charged leptons so it does not contribute to the aµ . The limit of
u v,w implies that θ ' 0 with tanθ ≡ u/w. So the current of theW boson relating with neutrino
and contribution of this current are nearly the same as those in the SM limit. In contrast, the main
contribution of Y± boson to aµ is the one relating with neutrinos beyond the SM, νc. The details
computation of these contributions will be investigated in the following sections.
II.4. Neutral currents






gkV ( f )−gkA( f )γ5
]
f Zkµ , k = Z,Z
′. (15)



























. In the limit of v w, i.e., sϕ ' 0, the couplings of the Z boson to leptons
in (16) are also the same as those in the SM. Anyway, contributions of the Z boson to aµ will be
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different from that of the SM if w is small enough. In the below computation, we will not ignore
ϕ value.
III. THE ANOMALOUS MAGNETIC MOMENT OF THE MUON
As charged elementary particle, the AMMM is related to its intrinsic spin by the gyromag-
netic ratio gµ :





where gµ , within the framework of the Dirac equation, is expected to be equal to two for a struc-
tureless spin 1/2 particle. However, quantum loop corrections lead to a deviation from this value
which are parametrized in terms of aµ = (gµ −2)/2. Up to now the contribution from physics of








The QED part includes all photonic and leptonic (e,µ,τ) loops starting with the classic α2pi
contribution. QED contribution has been computed through 4 loops and estimated at the 5-loop
level [11]. Determined in [11, 12] leads to
aQEDµ = 116584718.95(0.08)×10−11.
Loops involving heavy W±,Z,H give contributions to aEWµ . These contributions are sup-
pressed by at least a factor of αpi
m2µ
m2W
' 4×10−9. At the one-loop level [13] aEWµ = 194.8×10−11.
Two loops contributions are relatively large and negative [14] while 3-loops leading logarithms
are negligible [14] resulting the total
aEWµ = 153.6(1.0)×10−11.
The hadronic (quark and gluon) loop contributions give the rise to theoretical uncertain-
ties. The hadronic vacuum polarization is calculated and inferred either from e+e− → hadrons
or τ → hadrons data [1]. The next largest uncertainty is associated with hadronic light-by-light
scattering, which cannot, at present, be determined from data, but rather must be calculated using
hadronic models that correctly reproduce the properties of QCD. Motivated by large-NC QCD [15]
aHadµ [NLO] is found to be
aHadµ [NLO] = 7(26)×10−11.
Sum up all the contribution above we have the SM prediction
aSMµ = 116591803(1)(42)(26)×10−11.
Recently, the E821 experiment has measured [16] and take into account correlations between
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This difference is about 3.6σ . The present theoretical error is ±49.4×10−11. It has been
suggested that uncertainty on the lowest-order hadronic contribution could be reduced to 25×
10−11 with existing data and further work on the hadronic light-by-light corrections could reduce
the total SM error to as little as ±30× 10−11 [17, 18]. With the proposed experimental error of
±16×10−11 for the experiment with improved statistics at Fermilab, the combined uncertainty for
the difference between theory and experiment might reach±34×10−11, better by a factor∼ 2.4σ
than the current error [17].
IV. CONTRIBUTIONS TO THE (g−2)µ
In this section we will investigate the implications of the anomaly in aµ from the perspective
of the E331 model. The new particles give the contribution to the AMMM at first order are the
new charged gauge bosons Y±,Z′ and new scalars H0,H+2 . We will explore each new boson’s
contributions independently. The constraints on the new boson masses are based on the sum of all
the contributions. Apart from the contribution of the SM, in the E331 model new contributions to
aµ from the particular Feynman diagrams are presented in the Fig. 1.
IV.1. Singly charged vector
Properties of neutrinos masses in the E331 model are discussed in [19]. In general, the
interactions of muon to charged gauge vector boson V± have the V −A form, there are two kinds
of contribution to the AMMM, namely the vector and axial vector currents. Unlike the SM or min-
imal 331 model, the E331 model includes right-handed neutrinos , i.e., νcL so the W and Y bosons
also couple with this neutrino apart from the left-handed ones. All possible Feynman diagrams
contributing to aµ caused by these charged currents are presented in the Fig. 1(a). According to










ε2λ 2(1− x)(1− ε−2x)+ x , (17)
where fV,A is the coupling strength between the muon and the gauge boson V with mass mV ,
ε = mν(νc)mµ , and λ =
mµ
mV
. The function FV,A(x) depends on the type of coupling, in particular, for
vector currents we have
FV (x) = 2x2(1+ x−2ε)+λ 2(1− ε)2 · x(1− x)(x+ ε),
and for axial vector currents
FA(x) = 2x2(1+ x+2ε)+λ 2(1+ ε)2 · x(1− x)(x− ε).
In the framework of the E331 model, mν , mνc  mµ  mV so we can take the approximation
ε,λ → 0.
In this approximation we have
∆aµ(Y±) =
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The contribution of the W boson can also be calculated based on the formula (18), where the cou-














sθ for νc. Hence the total contribution
to aµ from the W boson is
aE331µ (W ) = a
SM(W )× (s2θ + c2θ ) = aSM(W ),
where aSM(W ) is the electroweak contribution of the W boson to aµ in the limit of the SM [21],













Regarding to the Y boson corresponding to the currents are shown in (14), the coupling





sθ for ν and g2√2cθ for ν
c. Similarly to the case of the W boson,
the total contribution to aµ of diagrams relating with the Y boson does not depend on the θ , as













We emphasize that our formula (20) is different from formula (39) of Ref. [7] by a factor of 4.
This is because of difference in calculating the coupling strengths fV,A between neutrinos with
charged gauge bosons. Because the electroweak contribution of charged gauge bosons to aµ can be
calculated by the general formula (18) for all gauge bosons including theW boson in the SM frame
work, it can be checked that the formula (20) is consistent with the case of the W contribution in
the limit m2Y → m2W . The contribution of new charged gauge bosons is very important in the
considering model because of the following reasons:
• They have the similar coupling strength with neutrinos so the electroweak contribu-
tions of them to aµ are different from that of W boson by only a factor of m2W/M
2
Y .
• The electroweak contribution of these charged gauge bosons is the largest contribution
to ∆aNPµ ≡ aepxµ −aSMµ = 288(80)×10−11. Other contributions from 3-3-1 effects are
smaller at lest a factor of 10−1.
• Electroweak contribution from the W boson in (19) is the same order with total con-
tribution from new physics ∆aNPµ .
The above reasons imply that masses of the new charged boson are the same order with the mass
of theW boson, i.e., vw ∼O(1), as values of the total contribution from E331 effects can approach
to value of aNPµ .
IV.2. Z′ boson
The interactions of muon with neutral gauge bosons Z and Z′ are given in (15), correspond-
ing to one-loop diagrams in the Fig. 1(d) that contribute to aµ . According to Ref. [20], analytic





















(1− x)(1−λ 2x)+ ε2λ 2x , (21)
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A ( f ),








V are given in (16). Specific forms of functions FV (x) and
FA(x) are
FV (x) = 2x(1− x)x,
FA(x) = 2x(1− x)(x−4)−4λ 2x3.
Let us estimate the expression (21) in the special limit given in (5). In this limit the θ is
small then g2V ,g2A can be written roughly as given in (16). Hence, these integrals are simplified
to give a contribution of the Z′ to the AMMM as























where aSMµ (Z( f )) is the electroweak contribution of the Z boson in the SM framework, namely [21]










Similarly, contribution of the Z to the aµ is












where CZA,V are defined the same as the case of the Z
′, gZA and g
Z
V are also given in (16). Note
that gZV and g
Z
A have exactly form of those in the SM limit if ϕ = 0 and the contribution to aµ
will be ∆aµ(Z( f )) |ϕ=0 = aSMµ (Z( f )). Because the values of ϕ depend directly on the ratio of two
symmetry breaking scales which we want to determine so it cannot be ignored. So unlike the case
of the W boson, there is a small deviation between the E331 model and the SM in contribution of
Z boson to aµ if w is small enough.
IV.3. Neutral scalars
The model contains only one new neutral massive Higgs (H01 ). This neutral scalar gives the
contribution to AMMM. The related diagrams are shown in Fig. 1(c).






















Fig. 1. Feynman diagrams contributing to the (g−2)µ .










(1− x)(1−λ 2x)+ ε2λ 2x ,
where ε = 1, λ = mµ/mh0 .



















































































and fH0,H01 are given in (9) and Table 1, respectively.
Since we identify H0 with SM Higgs therefore we obtain the difference caused by the E331






















We can approximate sin2 ζ ' ζ 2/4 where ζ ' mW2mX if mX  mW . The contribution of new























A roughly estimation from which we can see that the contribution of the new neutral Higgs
is of order 10−10 1m2
H01
. Hence this contribution is very small and can be neglected.
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IV.4. Singly charged scalars










ε2λ 2(1− x)(1− ε−2x)+ x ,



































Similarly to the case of neutral Higgs, the contribution of charged Higgs H+2 is of the order
10−10× 1m2
H+2
and negative therefore it will cancel out with the contribution of neutral Higgs.







It is very interesting that values of contributions to aµ in (31) depend on only m+Y , therefore this
quantity gives a very good constraint on the values of mY , i.e value of SU(3)L breaking scale. The
numerical result is shown in Fig. 2. It is easy to see that the total contribution from the E331


























Fig. 2. Contributions of gauge bosons to ∆aNPµ
effects does not enough to explain the experimental results of aµ . For other 3-3-1 versions, there
may be some new contributions from new particles such as the exotic heavy charged (neutral)
leptons or more new charged gauge bosons may increase the values of ∆a331µ . We will comment
more details in the section V.
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V. COMMENTS ON CONSTRAINT OF SU(3)L SCALE FROM aµ IN OTHER 3-3-1
MODELS
V.1. The reduced minimal 3-3-1 models (RM331)
Coming back to investigation in Ref. [7]. The contributions to ∆aNPµ are modified as follows
• From V+ gauge boson. The formula (31) in Ref. [7] is corrected as





• Contribution from the Z′ boson is rewritten in the explicitly form
∆aRM331µ (Z








• Contribution from U++ boson are written as
aRM331µ (U

















m2V+ so the total contribution to aµ in the
RM331 limit, namely ∆aRM331µ = aµ(V+)+aRM331µ (Z′)+aRM331µ (U++), depends on only the mV+
that is characterized for SU(3)L scale. The Fig. 3 shows the numerical result.
aΜ 1011 208 368



























Fig. 3. Contribution of gauge bosons to aµ in the RM331 model.
V.2. The 3-3-1 model with exotic heavy lepton
Some other models containing exotic heavy leptons which may give large contribution to
aµ , such as [4] for new neutral leptons.
For the 3-3-1 model shown in [4], theW+ boson couples with left-handed neutrinos exactly
the same as that in the SM while it does not couples with heavy neutrinos. In opposite, the
new singly charged gauge boson V+ couples directly with heavy right-handed neutrinos NR with





(1−γ5). Hence the new contribution is from only this newV+ with value determined
based on (17), in specially







ε2λ 2(1− x)(1− ε−2x)+ x , (35)
where ε = mNRmµ , and λ =
mµ
mV+
. In this case where ε  1 and λ  1 we get







ε2λ 2(1− x)+ x




with k = m2NR/m
2
V+ . Numerical values of f(k) are estimated in the Fig. 4.




















Fig. 4. The f (k) values as functions of k = m2NR/m
2
V+ in two cases: k < 1 (left panel)
and k > 1 (right panel).
It can be seen that f (k) is always equivalent to O(1) so ∆aµ(V+) is always smaller than




. Hence m2V+ has to be order of m
2
W as ∆aµ(V+) has order of ∆aNPµ .
The case is similar to the doubly charged gauge bosons appearing in the minimal 3-3-1 model.
VI. CONCLUSIONS
We have performed all leading-order contributions to the muon anomalous magnetic mo-
ment in the economical 3-3-1 model. In the E331 framework, our calculation has indicated that
the electroweak one-loop contributions to aµ are not large enough to explain the value given by
recent experimental result, if the mass of the singly charged gauge boson is significant larger than
that of the W boson, i.e., the SU(3)L breaking scale is much larger than the electroweak breaking
scale, as usually supposed in literature. If all of the scalars are heavy than 100 GeV, the contribu-
tion from gauge bosons are always dominant, especially the charged gauge bosons. So the model
needs to be extended to have new gauge bosons coupling with charged leptons. The case is similar
to other versions with right-handed neutrinos where there exists a neutral gauge boson that does
not couple with charged lepton. For the case of the minimal 3-3-1 model, base on the calculation
in Ref. [7] we have shown that, although there are more contributions from the doubly charged
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gauge bosons, the total contribution is not still large enough to put the SU(3)L scale toward the
TeV values. Supersymmetric version of the E331 model or other 331 models may provide a good
solution for the aµ results by the contributions from the superpartners.
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